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1. Introduction
Interestinthedynamicsof thetransitionzonehasgrownenonnouslyinthelastdecade.I_n
transponaircraftdesign,improvementsin dragofevenafewpercentarenoweagerlysought
after;andmuchresearcheffonhasbeenexpendedonnaturallaminarflow,laminarflowcontrol,
turbulencemanagementandrelatedtechnologiestoachievelowerdrag.All of thisdemands
greaterunderstandingofthetransitionprocessingeneral.Ininternalflowapplications,e.g.for
turbomachinery,thetransitionzoneplaysanevenmoreimponantrole,asbladeReynolds
numberstendtobeinpreciselytherangethatismostawkwardfromthefluid-dynamicalview-
point,andalargefractionof abladesurfacecanbetransitional.Peakheatransferratesoccur
towardstheendofthetransitionzone;andbladesoperateinahighlyturbulentenvironment,often
withastrongperiodicomponent(whentheyarein thewakeofarotor,forexample),andof
courseinstrongpressuregradients.Fromthespateofpapersinrecentyearsonthesubject,it is
evidentthatapplicationsinturbomachineryarenowdrivingdevelopmentsinthefield.Thisisnot
difficultounderstand,becausea25%differenceinheatransferratesonaturbinebladecanmean
anorderof magnitudedifferencetoItslife (Reed1985).Theexperimentsof Turner(1971)
showedalreadyhowcomplextheinteractionbetweendisturbancelevelandpressuregradientcan
be;thusin onecase,anincreasein freestreamturbulencel veladvancedtransitiontolower
Reynoldsnumbersandtoastationwherethepressuregradientwassignificantlydifferent,hetwo
effectsbeingpresumablyresponsibleforatransitionzonewhichtripledin lengthandcovered
morethanthreequanersof theblade.If weaddtothistheeffectsof surfaceroughnessand
curvature,periodicdisturbances,compressibility,acousticnoise,three-dimensionalityetc.,it is
easytoseehowcomplextheprocesscanbe.Theonlyhopefortheforeseeablefutureseemsto
lieinunderstandingthephysicsofeachoftheprocessesinvolvedtotheextentpossible,andin
constructingmodelsthatcontaintheessentialphysicsodiscovered.
A smallgrouphasbeenworkingattheIndianInstituteofScienceandNationalAeronauti-
calLaboratoryatBangaloreformany earsnowtryingtounraveltheeffectsofpressuregradient
. andflowconvergence,amongotherparameters.Thislectureisasummaryofsomeofthework
doneaspanofthisprogramme,whichinrecentyearshasbeensupponedbytheDepanmentof
ScienceandTechnology.Theprogrammehasactuallycoveredsomefundamentalinvestigations
concerningthepossibleconnectionbetweentransitionanddynamicalsystems(Bhat,Narasimha
& Wiggins1990)aswell,butthematerialpresentedherewill beconfinedto thatdirectly
concernedwiththetransitionzoneinboundarylayers.
. PaperpresentedattheTenthInternationalSymposiumonAir BreathingEngines(X ISABE),Nottingham,
UK, 5September1991
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Thebasicpremiseinmuchofthisworkisthathekeyvariableinthetransitionzoneisthe
intermittencyy(definedexperimentallyasthefractionof timethattheflowis turbulentatany
givenstation),sothatanunderstandingoftheydistributioncanprovideconsiderableinsightinto
thedynamicsofthezoneitself.Itmustbeemphasisedthathisisnot aquestiononlyof fitting
curvestomeasureddistributions,butratherofunravellingthephysicsthatisrevealedbythem.
Thetoolthatmakesthispossibleisthepictureoftransitionasduetothegrowthandpropagation
of turbulentspots,firstproposedbyEmmons(1951).Cenainassumptionsof orderlinessand
independenceinspotformation,while~ifficultojustifyrigorously,appearnevenhelesstobe
sufficientlycloseto realitythattheyprovideeffectivemeansfor dataanalysis.Themajor
implicationoftheseassumptionsisthatspotformationcanbeconsideredtobeaPoissonprocess
(Narasimha1985),whichhasbeenextensivelystudiedinconnectionwiththetheoryofqueues,
forexample.It issignificantthatGreketal.(1990)havefound,inexperimentsonaNASA 612
(420)(1)aerofoil,thathedevelopmentofT.:Swavesandthestructureoftheturbulentspothat
eventuallyemergesareboththesameatafairlyhighfree-streamturbulencel velof1%asatthe
lowlevelof0.04%
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Thisroutetounderstandingthetransitionzonenaturallydemandsinvestigationsofturbulent
spotbehaviourunderall thevarietyof influencesthatwerementionedaboveasrelevanto
transitioni turbomachinery.Suchinvestigationsofspotbehaviourareunfonunatelyfartoofew,
buttherearealreadyenoughof themtosuggestthatsurprisesmaybein store.
2. ConstantPressureFlow
Thisisalogicalbaselinecaseandanecessarystaningpoint.Earlyproposalspostulatedthat
spotsareformedwithequalprobabilityeverywhereonthesurface,beginningfromtheleading
edge(Emmons1951)orfromsomespecifiedstationdownstream(Emmons&Bryson1952).The
formerimpliesasimilarityofthedistributionsinxix,wherexisdistancedownstreamandx the
stationwhere y =0.5;this similarityis notobserved(Narasimha1985).In thelight of the
extensiveinvestigationsthathavebeenmadeof theinitialstagesof thetransitionprocess
precedingthebinhofspots(e.g.Schubaur& Skramstad1947,Klebanoff,Tidstrom& Sargent
1962,Arnal,Juillen&Michel1977)thisisnotsurprising,becausetheprobabilitythataspotwill
bebornaheadof thespikestagein thecanonicalrouteto transitionmustbevinuallyzero.
Funhermore,itherproposalimpliesthatspotscontinuetobebornallthewaydownstream(even
in fullyturbulentflow),whichagainseemsmostdifficulttounderstand.
Basedonsuchconsiderations,it seemsreasonabletoassumethatmostspotsarebornnear
a singledownstreamstation(sayx). Thisleadstothehypothesisof concentratedbreakdown
(Narasimha1957),accordingtowhichspotsarebornatXtbutrandomlyin time(t)andin the
spanwisecoordinate(y);thisgivesthespotformationrate(perunitsurfaceareaandunittime)
asproportionaltoaDiracdeltafunction,
g (x,y,t)=no(x-xt). (1)
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Thiscannotof coursebeliterallyexact;whatis likelyis thatthespotformationrateis itselfa
distribution,witha peakaroundaneffectiveonsetlocation.Estimatesof thewidthof this
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disttibution(assumingit tobeGaussian)suggestthatit issufficientlysmallthatintroductionof
anadditionalwidthparameteris notwonhwhile(Dhawan& Narasimha1958);andn in (1)
becomesthetotalnumberof spotsbornperunitspanandtime.
A consequenceof (1)isthat
')'(x) =1-exp(-na(x-x?lU)=1-exp-0.41~2 (2)
whereU isthefree-streamvelocity,a isaspotpropagationparameterintroducedbyEmmons
(1951)(-0.25accordingtoanestimateofNarasimha1978),and
~=(x-xl)lA,A=x(y=O.75)-x(y=O.25), (3)
A beingameasureoftheextentofthetransitionzone.If ontheotherhandgisassumedconstant
forx>xl'andzeroforx<xl(asinEmmonsandBryson1952),theexponentof(x-x)in(2)changes
to3,andtheresultfory,aftersuitablenormalisation,canbewrittenin theformusedbyAbu-
Ghannan& Shaw(1980),
"(=1 - exp-5T\3. (3)
Otherexpressionsproposedfor')'(x)arelistedinTable1.
Table1 Proposalsforintermittencydistributionsinconstantpressureflow
Author/s Expression
Narasimha(1957),
Dhawan& Narasimha(1958)
Abu-Ghannam& Shaw(1980)
Micheletal.(1985)
Schubauer& Klebanoff(1955)
Fraser& Milne(1986)
1 -exp [_(X/X)3]
1-exp[-const(x-xl], X>X1
0,x<x1
1 - exp[-0.411;2]
Emmons(1951)
Emmons& Bryson(1953)
1- exp[-5113]
1- exp[-0.45(9/91-1)2]
1/2[1+erfconst(x:X)]
0.5[1+(0.016511114-0.07311113
-0.09411112+0.82731111)11/1111]
Severalcomparisonsof theseexpressionswithexperimentaldataexist.Manyof these
suppon(2)(e.g.Narasimha1957,Dhawan&Narasimha1958,Owen1970athypersonicspeeds,
Fraser& Gardiner1988,Gostelow&Walker1990).Ontheotherhand,(3)alsohassupponers
(e.g.Soundranayagam& Potti1991).Fraseretal.(1988),comparingtheirownmeasurements
withtheabove xpressions,findthat(2)isasomewhatbetterrepresentationFigure1.
Thefactofthematteristhatif wemakethefitbyrequiringcoincidenceofbothlocationand
extentparametersintheintermittencydisttibution(asisoftendone),thedifferencebetweenthe
differentproposedexpressionsi notconsiderableFigure2. A preferencehasthereforetobe
basedonconsiderationsofphysicsandpowerforextensionandgeneralisation-whichappears
tobegreatestfor (2).
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Figure 1 Comparisonofmeasuredintermittencydistributionswith theexpressions(2)and(3)of text(fromFraseret
al. 1988).
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Beforeweproceedfunher,wemustnotethatboth(2)and(3)assumethatspotpropagation
islinearinspaceandtime:i.e.theenvelopeofspotshapesi awedge,andpropagationvelocities
areconstant.Thisisnotalwaystrictlytrue,andwemustconstantlykeepinmindthatdepanure
fromlinearpropagationmayberesponsiblefordepanuresfrom(2).Thus,itissometimesfound
thathereareslightdepanuresfrom(2)near\ (seee.g.thedatacompilationofDey& Narasimha
1983).Thismaypanlybeduetothefactthatbreakdownsarenotallconcentratedatxt'butmay
alsobeduetowhatwemaycallanamolouspropagation,whichwediscussnext.
3. AnomalousSpotPropagation
Depanuresfromlinearpropagationhavebeen oticedfromtheveryfirststudiesofturbulent
spots.Figure3,fromSchubauer&Klebanoff(1955),showsoneexample,inthiscaseclearlydue
to lowReynoldsnumbers:effectivelylinearpropagationoccursonlybeyonda momentum-
thicknessReynoldsnumberRea.-=:480.(Asanaside,thefactthatstandardturbulentboundary
layerscalingdoesnotingeneralapplyatlowRemustnotbeforgotten,especiallyinturboma-
chineryapplications;eeColes1968,Punell,Klebanoff& Buckley1981).
In thepresenceof pressuregradients,whichstronglyinfluenceflow stability,such
anomalousbehaviourbecomesevenmorecommon.Figure4 (Narasimhaetal.1984)showsonce
againhowspotspreadratesarefarfrombeingconstant,especiallyin theinitialstages.The
evidenceappearstosuggestthatonceaflowhasbecomesupercritical(withrespecttoboundary
layerstability)linearpropagationislikely,butevenherewemustrememberthatinasufficiently
strongfavourablegradientaturbulentflowcanevenlaminarize.Thereistheintriguingfinding
ofWygananski(1981)thatspotpropagationvelocitiesdonot changeinproponiontothefree
streamvelocityinafavourablegradient:howlongaspotretainsmemoryof flowconditionsat
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Figure3 Envelopeofspotgrowthattwodifferentfree-streamvelocities(Schubauer&Klebanoff1955),showingdeparture
fromlinearityatlowReynoldsnumbers.
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Figure4 Envelopeof spotgrowthin favourablepressuregradients,showingdeparturesfromlinearspreadintheinitial
stages(whentheflowis subcritical).
birthisstillanopenquestion.AnexperimentalresultfromtheworkofDong& Cumpsty(1990)
mayberelevantFigure5 :thevelocityofpropagationfthespot-inthiscaseaslabofturbulence
createdonthesuctionsurfaceofabladebytheconvectioni thefree-streamofthewakefrom
amovingupstreamrod(simulatingarotor)doesnotvarygraduallyalongtheblade,butchanges
abruptlyatarelativelywell-defi~edlocation.Thisbehaviouris thecounterpartin timeof the
spatialanomaliesseeninFigure4.
Flowdivergence(i.e.ofstreamlinesatthesurfaceorattheedgeoftheboundarylayer)can
severelydistonaspot:theresultsof astudybyDeyetal.(1990)areshownin Figure6. It is
interestingthatthereis noevidenceherethathespotalwaysgrowsacrosslocalstreamlines.
Thereareothercaseswhereanomalouspropagationisforcedbythegeometryofthesurface:
for exampleon anaxisymmetricbody,wherea spotwhichnearits originresemblesthe
Schubauer-Klebanoffpicturebecomesasleeveafterit wrapsaroundthebody.
~
Themoralof thisdiscussionis thatwhilelinearpropagationis aconvenientandstandard
assumption,departuresaretobeexpectedif Reynoldsnumbersarelow,orif pressuregradient,
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Figure5 Propagationvelocitiesof aturbulentspot(actuallyaslabin thiscase)onthesuctionsurfaceof ablade.Flow
is trippedperiodicallybythewakeofrodsupstreamsimulatingtheeffectofrotorblades.Notethepresenceofverysudden
changesinvelocityclosetos/so::0.4.(FromDong& Cumpsty1990). .
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Figure6 A turbulentspotindistonedconstant-pressureflow(Deyetal. 1990).Thelongdashesaroundx:: 40cmin (a)
showsurfacestreamlinesobtainedfromoil flow pictures:thespot isspreadingat thefamiliarangleof about10deg,
but is notcuningacrosstreamlinesatthatangle.Thespotshapeisshownin (b).
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curvatureorothereffectsarestrong.Theseobservationsprovidethebasisforanexaminationof
whathasbeencalledsubtransitions
4. Subtransitions
Giventhisbackground,itshouldcomeasnosurprisethatintermittencydistributionsdonot
alwaysfollowthestandardistribution(2).It isconvenienttothinkof theresultingdepartures
from(2)asindicatingsubtransitionswithinthetransitionregion;letusbrieflyexaminethe
evidenceforthisphenomenon.
Firstof all,strongpressuregradientsdoaffectheintermittencydistributionevenqualita-
tively,asFigure7 demonstrates(NarasimhaetaI1984).Thesedifferencescannotbeexplained
byassuming(asChen&Thyson1971do)thatspotsalwayspropagateacross'streamlines(Figure
6alreadyshowsthistobenottrueingeneral),and/orthatpropagationvelocitiesareproportional
tothelocalfreestreamvelocity.
A moresatisfactoryapproachisprovidedbytheconceptofsubtransitions(Narasimha1984).
To demonstratethisit isbestoplotintermittencydistributionsintermsof thefunction
F(y)=[-In(1-y)]lll. (4)
Thisquantityhasthephysicalinterpretationfbeingthesquarerootof theso-called''depend-
encearea"Alforx(andhenceofbeingacharacteristiclengthscaleofthatareabutsuitablynon-
dimensionalised),whichdirectlydeterminestheintermittencydistributionif we accepthe
hypothesisof concentratedbreakdown:
y(x)=1-exp-IndAl(x) (5)
(Narasimha1985).AplotofF(y),withotherelevantboundarylayervariables,isshowninFigure
8 foraflowinafavourablepressuregradient;hisis aratherconspicuousinstanceof subtran-
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Figure7 Intennittencydisnibutionsinpressuregradientflow(Narasimhaetal. 1984).(a)A relativelymild favourable
gradientlengthensthetransitionzonesignificantlynearonset.(b)Whenthemildfavourablegradientisfollowedbyastronger
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Figure 8 Flowparametersin thetransitionzoneof a boundarylayersubjectedtoafavourablepressuregradient(from
Narasimha1984),showingadistinctsubtransition.The intermittencyisplottedonascalethatmakestheplotlinearif (2)
is valid.
sition.Otherinstancesaregivenin Narasimha(1984,1985).FunherconfIrmationof the
occurrenceofsuchsubtransitionshascomerecentlyfromtheworkofBlair& Anderson(1987).
Thequestionthatarisesisthis:howcanthesephysicalphenomenabeincorporatedintoa
mathematicalmodelthatcanhelpustoestimatethelikelybehaviourofatransitionalboundary
layer?Whilenocompletelysatisfactorymodelisyetavailable,I wouldliketodescribebriefly
our experiencewithoneof them. ~ 5~
Qg::>o<~
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5. ModellingtheTransitionZone
Thisisasubjectthatattractsincreasingattention.Ithasbeenreviewedindetailrecently(Dey
& Narasimha1990,Narasimha1991),soit isunnecessarytodoit againhere.Nevenheless,it
is usefultoreproduceasummaryoftheavailablemodelsTable2 fromthesereviews,asitgives
usagoodideaofwherewestand.
Onemethodofmakingdirectuseofthephysicalinsightderivedfromastudyof intermit-
tencydistributionsisbyadoptingwhathasbeencalledalinear-combinationmodel:heretheve-
locityfIeldsarecalculatedseparatelyassumingfullylaminarandfullyturbulentflow(thelatter
originatingatxt'nottheleadingedge),andweightingthemappropriatelywiththeintermittency
(Narasimha1985).Thisapproachascertainlimitationswhichwemustrecogniseattheoutset.
For example,if thelaminarflowislikelytoseparateundertheprevailingpressuregradientbut
the transitionalf ow will not,a linearcombinationwouldnot be appropriate.However,
experienceindicatesthatwhereseparationis notinvolvedlinearcombinationis aneffective
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Table 2 A briefSummaryortransition.zonemodels
Authors Type Remarks
Dhawan& Narasimha(1958) LinearCombination
ChenandThyson(1971) LinearCombination
Lakshminarayana(1976) LinearCombination
Amal(1986) Linear,Combination
FraserandMilne (1986) LinearCombination
Fraseretal (1988) LinearCombination
DeyandNarasimha
(1990b,199Oc)
LinearCombination
Harris(1971) Algebraic
Kuhn(1971) Algebraic
Adams(1972) Algebraic
CebeciandSmith(1974) Algebraic
Gaugler(1985) Algebraic
Micheletal (1985) Algebraic
Krishnamoorthy(1986) Algebraic
Krishnamoorthy(1987) Algebraic
Combinationoflaminarandturbulentvelocitiesinproportions
determinedbytheintermittency.Requiresonset(x) extentof
zone,inodelforfullyturbwentflow.cOnstantpressure.Simple.
Foraxisymmetricflows.Specialintermittencymodel,
correlationfor length.LimitedValidation
As inDhawanandNarasimha(1958).Integralmethodfor
axisymmetricbodyandhighspeedflows.
Integralmethod.Linearcombinationforshapefactorandskin-
friction.Intermittencyin termsof momentumthickness,not
relatedtospottheory.
Velocityandskin-frictionasinDhawanandNarasimha.
Intermittencyiserror-function.Extentin termsof standard
deviationof intermittency.Integralmethod.
ExtensionofFraserandMilne,butdifferentcorrelationfor
zone-length.Goodagreementwithdataonturbineblades.
Extensionof DhawanandNarasimha.Extentfromnewspot
formationrateparameter.Integralmethod.Highfavourable
pressuregradientdataalsopredicted.
Eddyviscosityandthermaldiffusivity.Intermittencyof
Narasimha.Requiresextent.Compressibleplaneand
axisymmetricflows.
Eddyviscocity.Methodof integralrelationsforhighspeed
flows.IntermittencydistributionofNarasimha(1957).
Eddyviscosity.IntermittencydistributionofN arasimha(1957)
takesextent=xfl.96
Eddyviscosity.Intermittencydistributionof ChenandThyson
(1971).Predictsx..
Eddyviscosity,basedonSTAN5code.Intermittency
distributionofAbu-GhannamandShaw(1980).Onsetand
extentadjustedtoobtainagreementwithexperimentaldata.
Intermittencyin termsofmomentumthickness,exceeds1
forensuringagreementwithdata.
ExtensionofPatankar-Spalding(1970)forpredictingheat
transferratesonturbinebladesandnozzleguidevanes.
IntermittencydistributionofNarasimha(1957)x,and
extentfrommeasurements.Effectof largefree-stream
turbulencebyadditiontoeddyviscosity,showsgood
agreementwithexperiments.
ExtensionofKrishnamoorthy(1986)withonsetmomentum
thicknessReynoldsnumber=160.Dhawan-Narasimha
correlationforextentextendedtopressuregradients.
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McDonaldandFish(1973) Differential
Blair andWerle(1980,1981) Differential
Wilcox (1981) Differential
Aradetal (1982,1983) Differential
Vancoi11ie(1984) Differential
Wangetal (1985) Differential
Krishnamoorthy(1987) Differential
.
Integralformof aturbulentkineticenergyequation.Source
termsingoverningequationthroughwhichfn:e-stream
turbulencetriggerstransition.
ExtensionofMcDonaldandfish(1973)andMcDonald
andKreskovsky(1974).Zeropressuregradientheattransfer
generallypredictedwen(butnotfortheflowat free-stream
turbulencel vel=0.25),lesssatisfactoryforpressuregradient
flows.
Stabilityrelatedclosuremodel.Testedforconstant-pressure
flowsatlowfree-streamturbulencel vels.
Modifiedtwo-equationmodelofNg (1971).Requires
adjustmentofnumericalconstants.
BasedonK-t model.Conditionalaveragesof allquantities
requireintermittency,whichis takenasthatofNarasimha
(1957).Goodagreementwithdataconsidered.
BasedonK-t model;sensitivetoboundaryconditionsfor
K,e forairfoilcascade.Discrepancynotedin transitional
andturbulentregionsonsuctionsurfacesof turbineblades.
K-t modelof JonesandLaunderwithchangein aconstant.
Testedfor nozzleguidevanadata.Underpredictions
neartrailingedgeattributedtoseparation.
principle,providedproperaccountistakenofpossiblesubtransitions.
ThenatureofthemethodismosteasilyseenfromablockdiagramFigure9 foracomputer
codecalledTRANZ 2 writtento implementi . In theimplementationdescribedbyDey&
Narasimha(1990),thelaminarflowiscalculatedbyanextendedversionoftheThwaitesmethod,
andtheturbulentflowbythelag-entrainmentscheme(GreenetaI1973).Informationonthe
extentof thetransitionzoneis suppliedthroughcorrelationsfor a non-dimensionalspot
formationrate("crumble";Narasimha1984,1985)
N =na83fut ' (6)
whichisestimatedbasedontheworkofGostelow(1989)andDeyandNarasimha(1991).(The.
logicbehindthegroup(6)shouldbetransparent.TheTollmien-SchlichtingfrequencyatXtscales
with 8\/u. If spotsareformedatthe'peaks'of thethree-dimensionalpeak-valleystructure
observedbyKlebanoffetal..(1962)andstudiedtheoreticallybyHerben(1988)andothers,the
averagespanwiseseparationbetweenspotsbornatXtmaybeexpectedtoscalewiththeTollmien-
Schlichtingwavelength,whichcanalsobecharacterisedby 8t.As farastheintermittencyis
concerned,onlytheproductJm'matters:seee.g.(2).Hencethecombination(6)appearsthemost
appropriatenon-dimensionalspotformationrateforuseintransitionzonedynamics.)
SomeexamplesofthepredictionfromthemodelarecomparedwithexperimentinFigures
10,11.It is seenthatheagreementisreasonable.Anupdateof themodel(Govindarajan1990)
is nowavailableFigure12. It isworthmentioningthat,basedonpreliminaryestimates,asub-
transitionwasinferredinsomeoftheflowsreportedbyBlair&Werle(1981),andthishassince
beenconfIrmedbydirectmeasurementsoftheintermittency(Blair& Anderson1987).
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ofArnal(1984),Chen& Thyson(1971),Dhawan& Narasimha(1958)andMcDonald& Fish(1973).(a)K =0.2x 10-6grid
2; (b) K =0.75x 10-6grid 3.
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6. ConcludingRemarks
] havesoughtin thislecturetodescribebrie£1ysomephysicalphenomenathataffectthe
dynamicsofthetransitionzone,andtotracethemtothepropagationcharacteristicsofturbulent
spots.Someofthesefactorshavebeenincorporatedintoasimplelinear-combinationtypemodel
for thezone.However,manyquestionsremainopen.Thebehaviourof turbulentspotswhen
subjecto suchinfluencesaspressuregradient,distortion,curvature,three-dimensionality,
compressibilityetc.is hardlywell-understoodyet.Similarly,theoccurrenceof subtransitions
needstobeinvestigatedin muchgreaterdetail:wehavenoquantitativelysatisfactorywayof
predictingwhenandhowtheyoccur.Thusmoreexperimentsareneededin boundarylayers
subjectedtostrongpressuregradientswithawell-understooddisturbanceenvironment.There
hashardlybeenabeginningonmorecomplexflows,involvingperiodictripping,separation
bubbles,andstrongthree-dimensionality.Muchworkthereforestillneedstobedone!
, !
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: This paper is a survey of certain recent advan-
ces in our understanding of the transition
zone in a boundary layer. It is emphasized
that the behaviour of turbulent spots and the
d i s tr ibu t ion of in termi t tency hold the key
to an improved description of the dynamics
of the zone. Evidence from many different sour-
ces is presented to show that, in strong pre-
ssure gradients, the concept of subtransitions
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the possibility of subtransitions and allows
for the computation of the effects of highly
favourable gradients on fully turbulent flow
is shown to be in reasonable agreement with
experimental data. Diffuculties that remain
are pointed out.
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